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It is estimated that 300 million people were infected by malaria with more than a million deaths throughout the world. 1 In Malaysia, malaria incidence had decreased from 23.4 cases per 10,000 population in 1991 to 2.8 cases per 10 000 population in 2003. 2 The incidence of malaria in the state of Sarawak is among the highest in Malaysia despite its downward trend since 2002. In 2003, the incidence was 11.8 cases per 10,000 population which was the highest among the state. 2 Kuching Division was among the divisions that recorded incidence of more than 10 cases per 10,000 population in the same year of which Lundu District contributed more than 50% of all malaria cases for the division. 3, 4 In view of this, the study was carried out to identify the factors influencing malaria infection among the people of Lundu District, Sarawak with the emphasis on knowledge, risk perception, preventive behaviour, movement, and environment. The design of the study was an unmatched case-control study of which Lundu population became the target study population. A total of 96 symptomatic and asymptomatic indigenous malaria cases confirmed by blood film malaria parasite (BFMP) that were registered from January to September 2005 at Lundu District Health Office were selected as cases. Controls were selected through simple random sampling among those who never contracted malaria originating from the same villages as cases and confirmed by negative BFMP. The case to control ratio was one control to one case. Only those aged 17 years and above were included in the study because they were expected to answer questions related to perception and knowledge.
METHODS

Lundu
Face-to-face interviews were conducted by trained health personnel using questionnaire consisted of sections on sociodemographic data, knowledge, perception, preventive behaviour and movement. Knowledge and perception towards malaria were assessed through related questions and each correct answer was given a score of one. The total scores were then categorised into good or low knowledge and risk perception (cut off point 13 and 4 respectively). Behavioural risk factors considered in this study were the use of treated bed nets, acceptance of indoor regular spraying, the use of protective personal measures and movement. The definition of movement in this study was movement from one place (usually place of residence) to another and eventually returns back for economic or social purposes and not taking into account the distance from the residence. Besides that, observation of the respondents' environment was also done including the house structure, house design and potential mosquito breeding sites. Blood were taken for BFMP through finger prick to confirm malaria status of controls on the day of the interview.
Data collected from the field were coded and analysed with SPSS software version 12.0. Logistic regression was performed to calculate relative risk and to identify dominant risk factors related to malaria infection as well as to control for potential confounder.
RESULTS
There were 131 indigenous malaria cases registered at Lundu District Health Office throughout the study period. Adults aged between 20 to 60 years were 74.8% while 20.6% were children and adolescent.
Cases and control were similarly distributed with respect to age, number of household and total household income per month. Cases were more likely than controls to report high risk occupation, opened eaves, ever had movement for those aged 50 years or over, asset ownership car (Table 1) . Meanwhile, no significant association was found for knowledge and preventive behaviour such as the usage of bednets, house spraying and the usage of preventive protective measures Table 2 shows that older age, male, lower socioeconomics level and perception of fatality toward malaria were increased to be malaria. The most prominent factors were gender and perception of fatality toward malaria. Male than female had seven-fold risk to be malaria infection. In term of perception of fatality toward malaria, those who did not have than did have perception of fatality toward malaria had six-fold risk to be malaria. On contrary, those who had lower than middle and high per capita income per month had 85% lowered risk to be malaria infection. 
DISCUSSION
From the study, 74.8% of the overall indigenous malaria cases in Lundu District during the study period were adults as opposed to the indigenous group of Sungkai, Perak and in South Africa which were mainly among children. 5, 6 This shows that malaria infection in Lundu could be influenced by adults' behaviour; movement in particular, for economic or social reasons.
Based on this case-control study, being in the younger age group (less than 50 years) and male gender were the risk factors for malaria infection. This is because they are the more mobile group and most of the time they involve in high risk activities such as hunting, fishing and work as loggers. These findings are supported by Lansang et al. who used 30 years as the cut off point for age.
7 Do not attain high education level was also identified as the risk factor in this study. Those with higher education level might have better understanding on malaria and this could have influenced the behaviour towards preventive measures and in seeking treatment. Similar findings obtained by Guthmann et al. in their case-control study done in Peru. 8 On contrary, the finding for per capita income per month (OR 0.15) was the opposite from what we had expected earlier. A study done in Nigeria showed that those with higher income were protected against malaria. 9 This could be explained by the number of household used to calculate per capita income was different than that of the national poverty line resulting in the possibility of misclassification of income category. The Ministry of Finance use 4.8 as the household number in calculation of the national poverty line but in this study income per capita was calculated by dividing total income with number of household that ranged from 1 to 16. Bear in mind that estimation of income per month obtained from respondents by itself might not be accurate due to unwillingness to disclose their financial status, difficulty of valuing their own crops either due to inconsistent market price or for their own consumption. Assets ownership analysed by individual asset in this study is not a good proxy for socioeconomic status as well because most respondents owned more than one asset being studied. We might consider the use of asset indices for future study.
No significant association was found for knowledge except for the source of malaria information, knowledge on agent and vector for malaria but only at univariate level. Cases might have the same or even better knowledge than controls because they had experienced the disease and been informed about malaria when they were treated by the health personnel. In addition, risk perception could be influenced by knowledge gained through various source of information and experience as reported in The World Health Report. 10 This could be the reason why there was no difference in the risk perception score between the two groups. However, knowledge score only contributed 17% in the determination of perception score as shown by correlation analysis. It means that there are other risk factors which influence risk perception not analysed in this study.
Bed net usage, house spraying and use of personal preventive measures did not show any significant findings in both univariate and multivariate analysis. Only small proportion (40.6%) of the total respondents were actually used treated bed nets in this study which could have influenced the findings. Small sample size among those not using personal preventive measures could also explain the insignificant results. As for house spraying, only regular indoor residual spraying done every six months was taken into account during the data collection. Focal spraying which occasionally applied in certain situation was not considered even though this control measure also confers the same protection against malaria. Therefore, respondents could have misclassified under the category of house not sprayed. Meanwhile, preventive measures especially mosquito coil is usually used at home but some of the respondents were still outdoor until late night which means that they were still exposed to mosquito bite.
Movement has been identified as a risk factor after it was stratified by age which acts as the third variable in this study. The small samples among females could have contributed to the negative results when movement was stratified by gender.
Poor house design related to ceiling construction and presence of potential breeding places were the environmental factors found to have association with malaria in the study. These findings were the same as reported by Snow et al. in Peru and Staedke et al. in Uganda. 11, 12 Poor ceiling design actually provides access for mosquitoes to enter respondent's house and bite the occupants. Small sample size among those live in palm thatched house could have resulted in insignificant findings for house structure. Furthermore, cases and controls tend to have same type of house due to similar sociocultural background. At the same time, presence of forest and stream close to respondent's house were not significant risk factors. This could be due to the influence of good house design even if the house is less than 100 m from the forest or stream. In addition to this, controls were selected from the same village as cases; therefore, we would expect both groups live in the same environment.
As like other study, there were weaknesses and limitations in the study. Selection of controls from the same village as cases would have masked the influence of variables related to culture and environment; thus, we could not see the significant effects as expected earlier in the study. Information bias is common in casecontrol study as respondents might not be able to recall whether they were exposed to any risk factors previously. There might be situations whereby cases could recall better than controls with regards to exposure to risk factors. Besides that, misclassification might have cause insignificant or opposite findings such as per capita income category and distance estimation from house to forest or river. Finally, confounding bias could have an effect to the results in this study but this was controlled through multivariate analysis.
In conclusion, male, older age, lower education and socioeconomy level, lower perception towards malaria, or lower environment saniatation had increased risk to be malaria infection.
Behaviour modification and awareness towards malaria among the community should be enhanced through effective health education and health promotion especially with regards to improve community perception towards malaria, precautions need to be taken when people move to high risk areas and destroying potential mosquito breeding sites.
